Abstract
Introduction

Modem helicopter
designs aim for low noise and this is particularly true for civilian helicopters that operate near heavily populated areas. There are two main types of noise that cause problems for helicopters. The first is called high-speed impulsive (HSI) noise and consists of a strong acoustic disturbance occurring over a short period of time. Impulsive noise is generally associated with high tip speeds and advancing-tip Mach numbers greater than 0.9. The second type of noise comes from the interaction of the rotor blades with their vortical wake sys-
tems. This type of noise is called blade-vortex interaction
(BVI) noise and it is particularly important when the helicopter is descending for landings.
Accurate prediction of both types of rotor noise is
heavily dependent on the accurate prediction of the aerodynamic flowfield around the rotor blades.
Tip vortices
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Presented at the 34th Aerospace Sciences Meeting & Exhibit, Reno, NV, January 15-18, 1996. in the rotor wakes dominate the flowfield and produce a highly unsteady and nonuniform induced velocity field at the rotor disk. These rotor wakes are very difficult to model but they hold the key to accurate acoustic predictions.
Fiowfield models based on computational fluid dynamics (CFD) hold a great deal of promise for simulating the aerodynamics of helicopter rotors and their wake systems. The rotor wakes can be captured directly without ad-hoc models and the nonlinear flowfield close to the rotor blades is modeled accurately.
Overset grid schemes allow for efficient grids around complicated geometries and also provide a framework for solution adaption and better resolution of the wake system.
The CFD solutions in this paper use the overset grid method for helicopter aerodynamics that was developed by Ahmad and Duque [l] . The method includes a userprescribed motion of the blade that models the effects of cyclic pitch control and the rotor blade flapping. 
Pressure and Pressure Derivative Interpolations
The OVERFLOW code was modified to compute the pressure field and the pressure derivatives at all the gridpoints and then interpolate the resulting information onto the Kirchhoff surfaces for later postprocessing. At each point in the field the static pressure is computed from the density, mass flux and total energy as shown in Equation 4
where P is the pressure, p is the density, e is the internal energy, u,v and w are the Cartesian velocities and 3' is the ratio of specific heats. The temporal derivative of the pressure wire respect to time, 3P/Ot, is then converted from the rotating coordinate frame to the inertial frame using the chain rule and grid metric terms as shown in Ref. [5] .
The three components of the pressure gradient are also computed using the chain rule and the grid metrics from the flow solver.
At each time step, the pressure field and pressure gradi- 
Kirchhoff Acoustics Method
It is not practical to continue the CFD solution to latl:C distances from the rotor blade. Large numbers of m¢,_.
points are required and the calculation rapidly bec_wn¢, too large for existing computers.
An alternate apprc_Lh _, to place a nonrotating Kirchhoff surface around the r_it,f blades as shown in Figure 1 . A rotating-surface formut,t tion such as that in Ref. [ 14, 5] could also be used, ho_e_ t_ the nonrotating method avoids the problems assocmled with supersonic motion of the Kirchhoff surface for highspeed cases. The Kirchhoff surface translates with the rotor hub 
The expressions for E ! and E 2 are given as:
These expressionsassume thatthe surfaceis moving with steady translational motion. Additional terms requiredto account forunsteady or rotational motion are given by Farassat and Myers [15].
In the above equations,M n and M r are the components of _ normal to the Kirchhoff surfaceand in the direction of the observer. _t is the velocity vector tangent to the Kirchhoff surface, and V2P is the gradient of the pressure on the Kirchhoff surface. The freestream speed of sound is assumed to be uniform at a , and the angle, 0, is the angle between the normal to the Kirchhoff surface and the far-field observer.
Evaluation of the acoustic pressure at an observer time, L requires that the integrand in Eq. In spite of the fact that the HSI model rotor experiment has a significant amount of thrust, the CFD computations in this paper assume that the rotor blades are nonlifting so that the rotor wake has a minimal influence on the aerodynamics and acoustics. This approximation is not necessary since our CFD method computes the complete rotor wake system from first principles. 
OLS Blade Grid System
The aeroacoustic overset grid system for the OLS rotor consists of 14 overset grids as highlighted in Figure 2a .
Eight of the grids were generated primarily to capture the One aspect of these unsteady rotor calculations is that they produce a very large amount of output data. Our cal- There are two reasons why the TURNS calculation has a stronger shock at 90°azimuthal angle. First, the TURNS code was run in the inviscid Euler mode while the current OVERFLOW calculations solve the viscous NavierStokes equations. The addition of viscosity tends to weaken the shock on the advancing side of the rotor blade.
Also, the TURNS code uses a third-order accurate spatial differences scheme while the current OVERFLOW code uses a second order scheme.
The lower-order OVER-FLOW scheme tends to smear the shock more and this results in a lower peak negative pressure in the far-field acoustics. Improvement of the spatial difference scheme in OVERFLOW is a high priority for future calculations.
One interesting observation on the computed OVER-
FLOW results in Figure 3 is that they were run with a time 
Results: Blade-Vortex Interaction Noise
The BVI case was computed with a time step of 1/4 degree azimuthal angle. Our HSI calculations have demonstrated that this is inadequate when there are transonic unsteady effects in the second quadrant of blade motion.
In addition to these time-accuracy problems, our background grid is too coarse to numerically resolve the tip vortices in the rotor wake.
In spite of these known problems, we present results for the BVI noise test case. Even though the computed results are somewhat inaccurate, they demonstrate the capabilities and potential of the overall scheme for computing general BVI noise. Improvements in the aerodynamic solution should result in better far-field acoustics results.
Summary and Conclusions
This paper presents an overall framework to compute helicopter aerodynamics and acoustics. 
